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Abstract 



PROBLEM TO BE SOLVED: To provide a material which is suitable for an anode material for a lithium 
secondary battery, has high discharge capacity, high charging and discharging electric efficiency from cycle 
starting stages, a good cydic property, and load property, and moreover to provide high sieving yield ratio of 
graphitized powder and lower the production cost as a whole at the time of producing the material. 
SOLUTION: In graphtized powder produced by thermal treatment of a carbon powder using pitch as a raw 
material, the powder has plane distance (d002 ) of laminated carbon net planes by X-ray wide angle 
diffraction method, d002 <=0.337nrri and the size (Lc) of the crystallite Lc >=40nm and contains 0.1-10%, by 
atomic ratio, of boron and 0.1-10% of nitrogen. The powder is produced by adding 0.1-25wt.% (based on 
boron) of a boron compound and 0.1-25wt.% (based on nitrogen) of a nitrogen compound with respect to a 
carbon powder produced by using pitch as a raw material, mixing the resultant mixture, and heating the 
obtained mixture at 2500 deg.C or higher in an inert or reducing atmosphere for 0.1 hours or longer. 
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ABSTRACT : 

PROBLEM TO BE SOLVED: To provide a material which is 
suitable for an anode 

material for a lithium secondary battery, has high 
discharge capacity, high 

charging and discharging electric efficiency from cycle 
starting stages, a good 

cydic property, and load property, and moreover to provide 
high sieving yield 

ratio of graphitized powder and lower the production cost 
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as a whole at the 

time of producing the material. 

SOLUTION: In graphtized powder produced by thermal 
treatment of a carbon 

powder using pitch as a raw material, the powder has plane 
distance 

(d<SB>002</SB>) of laminated carbon net planes by X-ray 
wide angle diffraction 

method, d<SB>002</SB>≤ 0 . 337nm and the size (Lc) of the 
crystallite Lc 

≥4 0nm and contains 0.1-10%, by atomic ratio, of boron 
and 0.1-10% of 

nitrogen. The powder is produced by adding 0.1-25wt.% 
(based on boron) of a 

boron compound and 0.1-25wt.% (based on nitrogen) of a 
nitrogen compound with 

respect to a carbon powder produced by using pitch as a raw 
material, mixing 

the resultant mixture, and heating the obtained mixture at 
2500°C or higher 

in an inert or reducing atmosphere for 0.1 hours or longer. 
COPYRIGHT: (C)1998,JPO 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the negative- 
electrode material for lithium secondary electrodes using insertion and the elimination 
reaction of a lithium, and its manufacture method. 
[0002] 

[Description of the Prior Art] The lithium secondary battery which has high-energy 
density as a power supply for portable electronic communication equipment in recent 
years began to be carried, and the commercial scene of a lithium secondary battery is 
quickly expanded with the breadth of the commercial scene of these electronic 
communication equipment. The negative-electrode material used for the rechargeable 
battery now is a carbon material, and serves as a key material which influences a cell 
performance. However, although it is a carbon material, what has various structures, an 
organization, and a gestalt exists, and, thereby, electrode performances including the 
operating potential at the time of charge and discharge differ greatly. Although graphite 
crystallinity material and amorphous materials are quotaed now from the operating 
environment/conditions of the electronic equipment by the side of loading, it is thought 
from viewpoints, such as plain-gauze fibers for plastering of control of a cell voltage, and 
an energy density per volume, that the need of graphite crystallinity material continues to 
increase increasingly. 

[0003] examination which paid its attention to the natural graphite which has the ideal 
graphite crystal structure is performed for many years --**** (for example, 
J.Electrochem.Soc, 117,222 (1970), Carbon, 13,337 (1975), JP,64-2258,A, etc.) -- since 
carbon ****** is carrying out priority orientation to the specific direction, the diffusion 
direction of the lithium in the inside of material is limited, and, moreover, the diffusion 
length of these crystal structures is very long Therefore, obtaining high service capacity 
under a very small charge and discharge current is checked (for example, Electrochimica 
Acta, 38 (9), 1 179 (1993)). However, it is thought that big restrictions are received in the 
use range from a practical standpoint since current density cannot be made high. 
Moreover, the optical-anisotropy phase of a meso face pitch was indicated that a problem 
is in a cycle property also about the meso face microsphere (meso carbon micro bead) 
extracted and prepared in the stage generated spherically (for example, the 34th cell 
debates three A07). 

[0004] It is graphitization processing in the temperature field of a super-elevated 
temperature like [ a pitch based carbon fiber ] pitch coke. It becomes the distance 



between layers of carbon ****** near a natural graphite, and it is expected that the many 
directions where the diffusion direction of a lithium moreover goes to the interior of a 
fiber periphery shell, and the powder with which the diffusion length ground this carbon 
fiber for the at most about 5-micrometer and short paddle reason of the half of the 
diameter of fiber from a fiber periphery to a fiber axis have a greatly strong diffusion 
coefficient to heavy loading as compared with other graphitizability material. In fact, the 
report (J.Electrochem.Soc, 142, 8, 2564 (1995)) that the good heavy-loading property 
was checked recently using the pitch based carbon fiber is also carried out. However, 
there are problems, like as compared with required hatchet other material, more 
manufacturing costs require high grade-ized processing of the pitch for securing that 
development of the crystal structure is checked and service capacity does not become 
large even if it makes heat treatment temperature high although the form of fiber is 
maintained therefore, and the form of fiber, a fiber-ized process, etc. 
[0005] Although pitch coke belongs to the category of graphitizability material and the 
distance between layers of carbon ****** near a natural graphite is approached by 
graphitization processing in the temperature field of a super-elevated temperature, by the 
optical anisotropic texture which corks have, graphitization does not progress and, as for 
these crystal structures, carbon ****** has not carried out priority orientation to the 
specific direction for a natural graphite. Therefore, there are no restrictions of the use 
range under the high current density seen by the natural graphite, it is a material very 
promising as a negative-electrode material for lithium secondary batteries, and research 
of the former many is made (for example, JP,63-121257,A, JP, 1-204361, A, JP,4- 
206276,A, etc.). However, as compared with geometric capacity (372 mAh/g), as for the 
service capacity of the super-elevated-temperature heat treatment (2000-3000-degree-C 
baking) article of the usual corks, the improvement of the further performance was called 
for low (<300 mAh/g). 

[0006] Recently, some examination is made about the material which has graphite 
analogous structure. For example, 900 degrees C [ by the steam of** boron chloride and 
benzene ] gaseous phase reaction (CVD) a report (Physical Review B, Vol.46, and No. - 
3 and 1697 (1992) ~) of the end of a carbon powder some compound carbon atoms were 
replaced by boron A report of the end of a carbon powder some carbon atoms 
compounded by adding a boron compound to JP,7-73898,A and ** pitch coke, and 
carrying out graphitization processing at 2400 degrees C were replaced by boron and the 
nitrogen atom (JP,5-290843,A), ** a report (JP,5-251080,A --) of the end of a carbon 
powder it compounded by adding H3 B03 etc. to a pitch and carrying out carbonization 
processing at 1000 degrees C a report (J.Electrochem.Soc. and 141,900 (1994) --) of the 
end of a carbon powder some carbon atoms compounded according to the gaseous phase 
reaction (CVD) of JP,5-266880,A and ** pyridine were replaced with nitrogen There are 
electrochemistry, 64 (1 1), 1 180 (1996), etc. 

[0007] ** Aim at making service capacity increase by raising the electronic receptiveness 
within a graphite side in replacing a part of carbonaceous six membered ring frame by 
boron then, and incorporating more lithiums which are electron donors. According to the 
report, in the structure of amorphous materials, the distance between layers of near and a 
graphite sheet is large (002>=0.337nm of 0.351 nm>=d), and the crystal structure of the 
material obtained by CVD of the size of the microcrystal which is the index of a size that 
the crystal of c shaft orientations and a shaft orientations is piled up is also small 



(30nm>Lc> lOnm). Therefore, since a cell voltage similar to the conventional amorphous 
materials is the manufacturing method which is not fit for mass productions, such as that 
the charge-and-discharge behavior which changes a lot is shown, or CVD, this material is 
necessarily considered not to be suitable to the field as which it is expected that the 
elongation of future need is and the property near graphite crystallinity material is 

required. — - " ^ ~~ " — ~" 

^fOO08-]-Morfeover, it aims at raising the electronic receptiveness within a graphite side and 
improving the amount of dopes of a lithium (service capacity) also about **, by using 
some carbon atoms which form a graphite frame like ** although technique differs as the 
compound (BC3, BC3 N) replaced by the boron atom or the nitrogen atom. ** The thing 
(boron substitution) then for which a boron atom replaces some carbon atoms which form 
a graphite frame like ** or **, Or although what a boron compound enters between the 
layers o f carbon ****** (boron insertion) is expected or it is not clear, in boron 
substitution, it is thought that it aimed at making the amount of dopes of a lithium 
(service capacity) increase by extending between graphite layers in boron insertion 
according to the same mechanism as ****. However, since the electrical property in the 
end of a carbon powder obtained by the above-mentioned **** generally becomes 
semiconductor-like, the overvoltage at the time of charge and discharge becomes large, in 
a practical charge-and-discharge-voltage field, the lithium inserted into the carbon 
material cannot be drawn out efficiently, and high initial efficiency is not acquired. 
Furthermore, in order that this semiconductor-property may cause big IR drops at the 
time of charge and discharge, it is a technical problem that high service capacity is not 
obtained etc. 

[0009] ** The crystal structure has the extremely small size of the microcrystal whose 
distance between layers of near and a graphite sheet is t he index of a size that the crystal 
of c shaft orientations and a shaft orientations is piled up, greatly (d002 >=0.337nm) in 
the structure of amorphous materials like the material compounded by ** the end of a 
carbon powder it was obtained. Therefore, it is thought that it is not necessarily suitable 
to the field as which it is expected that the elongation of future need is and the property 
near graphite crystallinity material is required since the charge-and-discharge curve of the 
material is a manufacturing method which is not fit for mass productions, such as that 
bear a close resemblance [ amorphous materials / conventional ], and a cell voltage 
changes a lot or CVD. 

[0010] As a result of studying the electrode characteristic wholeheartedly from a 
viewpoint of the crystal structure, service capacity found out the bird clapper greatly and 
this invention persons reported extensive carbonaceous powder, so that the degree of 
graphitization became high (electrochemistry and industrial physical chemistry, 61 (2), 
1383 (1993)). . However, in the graphitization article obtained by heat treatment to near [ 
usual ] 3000 degree C of a series of graphitizability carbon materials, the crystal structure 
could not be progressed more than a certain degree of graphitization, but the limitation 
was to raise service capacity. Therefore, for the further improvement in a performance, it 
is essentially most important to develop the material which had the further high degree of 
graphitization by technique other than the usual super-elevated-temperature heat 
treatment. 

[001 1] As a method of obtaining the end of a carbon powder it has a degree of 
graphitization higher than the end of a carbon powder it prepared with the usual super- 



elevated-temperature heat treatment, there are physical technique, such as strain 
defervescence processing in high-definition carbon fiber manufacture and processing 
under the stress of a pyrolytic carbon, and the chemical technique using a graphitization 
catalyst. As for the graphitization promotion by the graphitization catalyst, carbonaceous 
[ crystalline / low ] raises a degree of graphitization by the catalysis of a metal or an 
inorganic compound among these. 

[0012] According to the old reports (for example, Ber.Deut.Keram.Ges., 45,224, etc. 
(1968)), two mechanisms are considered about the mechanism of action of a 
graphitization catalyst. One is a model which moves in the inside of carbon, usually being 
called a "dissolution-re-deposit" mechanism, and a catalyst dissolving carbonaceous [ 
with a more low degree of graphitization ], and depositing a graphite. Another is a model 
with which it is called a "carbide generation-decomposition" mechanism, carbonaceous [ 
of a degree of graphitization / low ] reacts with a catalyst, carbide is generated, and this 
carbide decomposes at an elevated temperature further, and generates a graphite. 
[0013] That is, the essence of the function of the graphitization catalyst addition to a 
carbon material is in the operation which promotes development of the graphite structure 
in baking under catalyst coexistence, and organization. In the case of baking, a 
graphitization catalyst dissolves during a graphite crystal, and brings about the effect of 
removing distortion of a crystal in that case, consequently it is supposed that graphite 
structure progresses it (carbon, 102 (1980) 118). 

[0014] It is carried out very for many years about the research on raising the degree of 
graphitization of carbonaceous powder using the graphitization catalyst which has the 
effect of promoting graphitization. (For example, U.S.Patent, 568323 (1896), carbon, 41 
and 18 (1965), Carbon3,387 (1966) and Carbon7,185 (1969), a ceramic industry 
association magazine, 86 (12), 56, etc. (1978)) . however, each of these raised the degree 
of graphitization at low temperature as much as possible, and it was restricted to the thing 
which put the chief aim on the manufacturing method towards the cost reduction which is 
going to acquire the same effect as high temperature processing, or the thing which put 
the chief aim on aiming at improvement in a mechanical strength using precise-izing of 
the molding by the graphitization catalyst Examination which, on the other hand, uses the 
carbonaceous powder which raised the degree of graphitization according to the 
graphitization catalyst as high-performance material called the insertion-elimination 
reaction of the lithium in a lithium secondary battery negative electrode has JP,8-31422,A 
for which this invention persons applied previously. However, the official report of the 
electrode performance of the material which did not use a nitride when advancing a 
graphitization reaction, but was shown in it was not enough as the load characteristic 
under the case where it is actually used as a cell, and analogous conditions, and the 
further improvement was required for it in it. Moreover, when it calcinated on these 
conditions, since a grain made it big and rough after baking, the manufacture yield of a 
final product was not high. 
[0015] 

[Problem(s) to be Solved by the Invention] When manufacturing offering a good 
negative-electrode material for lithium secondary batteries of the load characteristic 
which service capacity was large, and whose charge-and-discharge efficiency from the 
stage in early stages of a cycle was high, and was excellent in the cycle property in view 
of the above-mentioned problem, and its material, the classification yield of this 



invention of graphitization powder is high, and it aims at offering the industrially 
excellent manufacture method which can reduce the whole manufacturing cost. 
[0016] 

[Means for Solving the Problem] This invention persons found out that the electrode 
characteristic of the graphitization powder after baking, especially a load characteristic 
were improved by addin g nitride furthe r, as a result of examining wholeheartedly the 
graphitization rg^ystef£er-t of f uries of boron compounds . Furthermore, if the particle 
size before baking is controlled in order that the particle size of the powder after baking 
may not coarse-grain-ize as compared with a boron compound independent case when a 
boron compound and a nitride are used, the abbreviation of the classification process after 
baking will be attained. Since the manufacture efficiency of a final product led to 
simplification of a process highly by that cause, it found out that it was the industrially 
excellent manufacture method, this invention is completed based on this knowledge. 
[0017] Namely, the graphitized-carbon powder by this invention is graphitization powder 
which heat-treated and prepared the end of a carbon powder a pitch is used as a raw 
material. The size (Lc) of the spacing (d002) of carbon ****** in an X-ray wide angle ^ 
diffraction method and c shaft orientations of a microcrystal d002 <=0337nm, It is 
Lc>=40nm and is characterized by co ntaining boron b v the atomic ratio and containing 
nitrogen 0.1 to 10% by the atomic ratio 0.1 to 10%. y 
[0018] moreover, the end of a carbon powder the manufacture method of the carbon 
negative-electrode material for lithium secondary batteries of this invention uses a pitch 
as a raw material - receiving - a boron compound - boron conversion ~ a weight ratio - 
- 0.1 - 25%, and a nitride - nitrogen conversion - a weight ratio - it adds and mixes 0.1 
to 25%, and is characterized by heat-treating at the temperature of 2500 degrees C or 
more for 0.1 hours or more under inactive or a reducing atmosphere 
[0019] 

[Embodiments of the Invention] The concrete contents of this invention are described 
below. 

[0020] this invention makes it possible to show the load characteristic which was 
excellent since nitrogen existed in material in addition to high service capacity and high 
initial charge-and-discharge efficiency being shown since the crystal structure progresses 
so that the compound added by heat-treating the carbonaceous powder belonging to the 
category of a graphitizability carbon material with a boron compound and a nitride 
promotes t he graphitization of a carbon materia l and the carbon-powder end after 
graphitization is not obtained by the usual heat treatment. Moreover, in order that the 
.powder after baking may not coarse-grain-ize from the physical property of the 
compound to add, it makes it possible to manufacture a final product by the high 
classification yield; 

[0021] That is, this invention notes applying the boron compound which has a 
graphitization catalysis for the purpose of obtaining the material which has a high degree 
of graphitization more than it obtains the end of a carbon powder the pitch belonging to 
the category of a graphitizability material promising as a carbon negative-electrode 
material for lithium secondary batteries is used as a raw material by the usual 
graphitization processing, and contaiiied- the boron and nitrogen of a certaii Lwi^ 
limit^ ^ndjLniMdgJTherefore, it is essentially important for this invention that the 
graphitization in the end of a carbon powder is promoted by the catalysis of the 



graphitization reaction promotion which the compound calcinated with the end of a 
carbon powder holds, and it is not important for it that a part of added catalyst enters 
between thg layers o f a graphite crystal or to replace the carbon atom with which the six 
membered ring mesh grid within a field is formed. 

[0022] As a result of studying various graphitized-carbon material wholeheartedly, this 
invention persons found out having the electrode characteristic with a graphitization 
material very higher than the conventional negative-electrode material which the 
organization of material, the crystal structure, and the orientation of the microcrystal of a 
material surface layer are very important factors, and used boron, a boron carbide, boron 
oxide, and the graphitization catalyst effect of a boric acid, and applied previously (JP,8- 
3 1422, A). The result which considered wholeheartedly the improvement of a load 
characteristic, and big and rough-ized suppression of the fine particles in baking process 
especially by this invention towards the improvement in manufacture efficiency which 
led also in the electrode characteristic, It finds out that the graphitization catalyst effect is 
shown also with boron compounds other than the above . The end of a carbon powder the 
graphitizationcatalysis was received, without spoiling the graphitization catalyst effect of 
the boron compound by making this boron coiroound add a nitride Moreover, high 
service capacity, It found out having the electrode characteristic which was further 
excellent in the load characteristic as compared with the system which added boron, a 
boron carbide, boron oxide, and the boric acid independently in addition to high first term 
efficiency being shown. 



